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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an improvement of s 
the accuracy for fixedly mounting optical semiconductor 
elements or chips onto an optical platform in an optical 
semiconductor module. 

An optical semiconductor module is a basic device 
constituting an optical communication system and com- io 
prises a laser diode (LD) which is a light emitting ele-: 
ment or chip or a photodiode (PD) which is a 
photodetector. an optical ftoer, a lens for optically cou- 
pling therebetween, and a housing for fixedly mounting 
them. The optical communication system is mainly 
applied to a trunk line heretofore and increase of high- 
speed operation and a transmission distance has been 
performed. Hereafter, the optical communication sys- 
tem begins to study not only application to only the trunk 
line but also application to a local area network (LAN) in 20 
a building and a subscriber system for use in homes: 

In the optical communication system used by such 
wider users, not only function and performance of the 
large-capacity trunk line but also reduction in cost of 
devices constituting the system are strongly desired. 1 25 
Accordingly, in a conventional method in which align- 
ment of an optical axis is made and optical semiconduc- 
tor chips are fixedly mounted on a mounting platform to 
be coupled with optical waveguides or optical fibers, 
since much time and labor are required in order to cou : > 30 
pie the optical semiconductor chips with the optical 
waveguides or the optical fibers with high accuracy, the ; 
mass productivity is deteriorated and the low cost is dif- 
ficult. 

As a structure for coupling an optical semiconduc- 35 
tor chip with an optical waveguide or an optical fiber with 
high accuracy, there is a structure utilizing solder bumps 
as shown in Fig. 5. In the structure utilizing the spider 
bumps, as shown \r\ Figs. 5(a) to 5(c), an electrode pat- 
tern 7 of metal film is formed on an optical element 40 
mounting platform 3 and another electrode pattern 6 of 
metal film is also formed on a rear side of an optical 
semiconductor chip 1 so that the electrode pattern 6 
conforms to the electrode pattern 7. Thus, the optical 
semiconductor chip 1 is disposed on the mounting plat- 45 
form 3 so that the electrode patterns 6 and 7 are sub- 
stantially coincident with each other, and the electrode 
patterns 6 and 7 are joined with solder bumps 8. At this 
time, by previously forming the electrode pattern 7 on 
the mounting platform 3 in a position where optical sem- so 
{conductor chips are optically coupled with optical 
waveguides or optical ftoers when the optical semiconr 
ductor chips 1 are joined, the self-alignment effect acts 
due to the surface tension of the solder bump itself upon 
melting of the solder bump 8 as shown in Fig. 5(b). so ss 
that the electrode patterns 6 and 7 can be positioned 
with high accuracy and be optically coupled with each 
other without any adjustment. Thus, the optical semi- 
conductor chips can be coupled with the optical 



waveguides or the optical fibers without any adjustment 
and accordingly improvement, of the productivity ofth 
optical semiconductor device can be expected. 

SUMMARY OF THE INVENTION 

There occurs a phenomenon that electrode pat- 
terns to be joined are not joined to each other or elec- 
trode patterns are joined to adjacent electrode patterns 
or electrode patterns do not quite come into contact with 
solder bump if the opticalsemiconductor chps are not 
Conformed on the optica? element mounting platform 
upon melting of the solder bump with positional accu- 
racy of about 20 fim depending on the size and number 
of the electrode patterns in order to position the optical 
semiconductor chips with high accuracy by utilizing the 
self-alignment effect. Accordingly, there occurs a prob- 
lem that the optical semiconductor chips are deviated 
from a position in which the optical semiconductor chips 
are optically coupled with optical waveguides or optical 
fibers and joined to the deviated position or the optica! 
semiconductor chips are not quite joined to. the elec- 
trode patterns on the' optical element mounting plat- 
form. . • • 5 
^ In order to solve the above problem, an optical 
module of the present invention comprises an optical 
element mounting, substrate, in which an optical 
waveguide is formed, an optical semiconductor element 
fixedly mounted in the optica! element mounting sub- 
strate, and an recess for fixing the optical semiconduc- 
tor element in a position in a surface of the optical 
element mounting substrate in which an end surface of 
ah' active layer of the optical semiconductor element 
and- an end surface of the optical waveguide are cou- 
pled optically, and the alignment of the optical semicon- 
ductor element is made by means of the sides of the 

recess. ' " .* \ ■■ - \: " 

Further, ah optical module of the present invention 
comprises an optical element mounting substrate in 
which a groove is formed, an optical. fiber fixedly 
mounted in the groove, an optical semiconductor elie- 
ment fixedly mounted in the optical element mounting 
substrate, and an recess for fixing the optical semicon- 
ductor element in a position in a surface of the optical 
element mounting substrate in which an end surface of 
an active layer' of the optical semiconductor element 
and an end surface of the optical fiber are coupled opti- 
cally, and the alignment of. the optical semiconductor 
element is made by means of the sides of the recess. ( 
Furthermore, an optical module of the present 
invention comprises a plurality of optical semiconductor 
elements fixedly mounted on ah optical element mount- 
ing substrate, and recesses each formed in a position in 
which end surfaces of active layers of the plurality of 
optical semiconductor elements are optically coupled 
with each other, and the alignment of the optical semi- 
conductor elements is made, by means of the sides of 
the recesses. 
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Further, in an optical module of the present inven- 
tion; the recess comprises an electrode pattern.for fix- 
edly joining solder bumps. 

In addition, in an optical module' of the'present 
invention, an electrode is fprmed-in the side of the s 
recess and this electrode is joined to an externaVelec- 

: H^rj?^* 03 ' m0dule °< the present invention, a 
depth of the recess is 10 to 50 urn. 

' ti,n f" ^ ^ule p?i"he present inven- w 
■ tion. the sides of the recess are formed obliquely and'an 
area of an opening thereof is largerihan an area of the 
bottom. • '■ * * — 

Furthermore, in an optical module 6f me present 
invention, an aritiref lection film is provided in the side'of is 
the recess. 

In addition, in an optical module of the present 
invention, the optical element mounting substrate is 
made of semiconductor material and the sides of the 



"recess is 'constituted by {11 1} surface. 



20 



; In an optical module of the present invention a 
length and a breadth of the Bottom of the recess "are 
larger than a length arid a breadth of the optical semi- 
conductor element; respectively, and is narrower than 
respective values obtained by adding SO urn to the 2s 

^gthandthebreadmofth^bpticat 
ment, respectively.' /'- ■ 

_ Further, in ah optical mbdulepf the present inven-' 
tion, the recess surrounds at least all corners of the sur- 
Td r f °P tical sem '90^ucfor: dement opposite to so- 
the optical element mounting substrate. 1 ..." . 

Furthermore, in an bptical module of me- present 
invention, the recess : surrounds at least aH sides.of the 
surface of the optical; semiconductor element opposite - 
to me optical element mounting substrate ' 3S 
•In i addition; in an. optical module of the present" ' 
invention; the recess surrounds at least a set of opdo- 
site cornersof the surface of the optical semiconductor 
element opposite to the optical element mounting sub- 

In an optical module of the present invention the, 
recess surrounds at least corners at both. ends of any 
ones,deof the surface of the optical semiconductor ele- 
ment opposite to the optical element mounting sub- " 
strate and another side opposite to said one side ' ... "■ ' 45 

In an optical module of the present . invention the . 
optical semiconductor element comprises a photodiode ■ 
or a laser diode. "" 

According to; the present, invention.' the recess is - • 
formed ,n the position in which the optical semiconduc- ' so ■ 
tor element on the optical element mounting substrate is 
fixedly jomed to thereby be able to fixedly join the optical 
semiconductor element, in a desired position without 
adjustment 

oh. FU T & - ! inC6 Sktes of the recess f s formed 55 
obLquely so that an area of an opening of the recess is • 
larger than an area of the bottom to.thereby be able to 
reduce an amount of reflected light which is returned to 
the optical semiconductor element, the characteristics 



of the ophcal semiconductor element can be prevented 
from bemg scattered due to the reflected light | n addi- 
tion, the obliquely formed sides of the recess is suitable 

^ 0nne ? n ° f thS 0ptical semiconductor element 

ST? 6 ° pt,cal e,ement mounti "9 ^bstrate and 
the electrode formed externally. 

. Furthermore, by forming a depth of the recess to 10 

nliSt^'J!. depth «° f the recess is than the 

height of the unmelted solder bump and accordingly 
after the optical semiconductor element is disposed on 
demounting substrate, the displacement of tlEoptical 
semiconductor element until the solder bump is melted 
can be limited. The mounting substrate and the optical 
semiconductor element can be joined with high ojcu- 
-racyby.the self-alignment effect upon melting of thesol- 
derbump. •■. < . 

jn addition, by forming the antireflection film or layer 
on. the sides of the recess, the reflected light is not 
.returned to the optical semiconductor element 
raccordingly deterioration of the characteristics of the 
optical semiconductor element due to the reflected light 
can be prevented. " : 

^ Further, a - plurality of recesses are formed on a 

■ISTi 1" ° Ptical ^o^uctor element is mounted 
ir> ; each of the recesses. The wafer and the optical sem- 
rconductor elements are fixedly joined by solder bumps 
and the wafer is cut into chips to form optical modules to 
tiiereby be able to improve the mass productivity of the 

B R ,EI?;DE SCRIPT|ON OF THE DRAWINGS 

Figs. 1 A and 1 B are schematic diagrams illustrating 
-van optical module according to an embodiment of 

the present invention in which an optical semteon- 
- cductor chip and an optical waveguide are coupled" 
; a Figs. 2A and 2B are schematic diagrams illustrating 
•an optical module according to an embodiment of 
; the present invention in which optical semiconduc- 
' tor chips and an optical waveguide are coupled- 
Figs. 3A and 3B are schematic diagrams illustratina 
an opt.cal module according to an embodiment of 
^present invention in which an optical semicon- 
ductor chip and an optical fiber are coupled- 
Figs 4A and 4B are schematic diagrams illustrating 
an optical module according to an embodiment of 
the present invention in which optical semiconduc- 
tor chips and an optical fiber are coupled- 
Figs^5A to 5C illustrate coupling of an optical sem- 
iconductor chip and an optical platform by means of 
solder bumps; •' 

Fig. 6 illustrates electrodes formed in an optical dis- 
placement avoiding groove in an embodiment 
according to the present invention- 
Fig. 7 illustrates an antireflection film formed in an 
optical displacement avoiding groove in an embod- 
iment according to the present invention- 
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Fig. 8 schematically illustrates an optical semicon- 
ductor device including an optical module accord- 
ing to an embodiment of the present invention; 
Figs. 9A to 9D show a process of fabricating a plu- 
rality of optical modules according to an embodi- s 
ment of the present invention simultaneously; 
Fig. 1 0 illustrates a shape of a recess in an embod- 
iment of the present invention; " 
Fig. 1 1 illustrates a shape of a recess in an embod- 
iment of the present invention; ' " » • ~ io 
Fig. 12 illustrates a shape of a recess in an embod- 
iment of the present invention; and ' 
Fig. 13 illustrates a shape of a recess in an embod- 
iment of the present invention. '< 

DESCRIPTION OF THE PREFERRED EMBODI- • 
MENTS 

Figs. 1 A and 1 B are schematic diagrams illustrating 
an embodiment of an optical module according to the- 20 
present invention in which an optical semi conductor- ele- T 
ment or chip is coupled with an optical waveguide, and 
Figs. 1A and 1B are a plan view and a sectional view 
taken along line A-B, respectively. In Fig. 1, an optical * 
waveguide 2, an optical displacement avoiding groove* 25 
and an optical guide groove 5 are formed in the surface 
of an optical element mounting sikstrate or optical plat- 
form 3 made of a silicon substrate, and an optical semi- " 
conductor chip 1 is fixedly mounted in the optical 
displacement avoiding groove 4 by means of solder 30 
bumps 8. With such a structure, since the displacement f 
of the optical semiconductor chip 1 on the optical plat-' 
form 3 can be limited, there does not occur a phenome- 
non that the optical semiconductor chip 1 is deviated 
before the solder bump 8 hardens so that electrode pat- 35 
terns 6 and 7 are not coupled with each other upon 
melting of the solder bump 8 or the optical semiconduc- 
tor chip 1 is deviated from a position where the optical ' 
semiconductor chipM : is optically coupled to ;the optical 1 
waveguide 2 and is joined to the deviated position or the 40 
optical semiconductor 1 is not quite joined fixedly; ' 
Accordingly, the electrode patterns 6 and 7 can be cou- 
pled with each other exactly. 

A length and a breadth of a bottom of the optical ''■ 
displacement avoiding groove 4 are made larger than a 45 
length and a breadth of a bottom of the optical semicon- " 
ductor chip 1 in consideration of a size and the number 
of the solder bumps, respectively, and are made nar- 
rower than respective values obtained by adding 60 \ivn 
to the length and the breadth of the bottom of the optical so 
semiconductor chip 1 , so that the displacement of the 
optical semiconductor chip 1 can be reduced to 30 nm 
or less and a phenomenon that the position of the opti- 
cal semiconductor chip 1 is deviated too much so that 
the solder bumps and the electrode pattern which are ss 
not to be coupled with each other are coupled with each 
other can be avoided so that the electrode patterns 6 
and 7 can be coupled with each other exactly. ♦ 
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Furth©\ as shown in Fig. 10. even when the recess 
is formed to surround all corners of the suriace of the 
optical semiconductor chip 1 opposite to the optical plat- 
form 3, the above effect can be obtained. 

Furthermore, as shown in Fig. 11. e/en when the 
riecess is formed to surround all sides of the surface of 
the optical semiconductor chip 1 opposite to the optical 
platform 3. the above effect can be also attained. * 

In addition. : as shown in Fig. 12. even when the 
recess is formed to surround a set of opposite comers 
of the surface of the optical semiconductor chip 1 oppo- 
site to the optical platform 3, the above effect can be 
obtained: * : 

-< 'i. Further, as" shewn in Fig. 13. even when the recess 
is formed to surround corners at both ends of any one 
side of the surface of the optical semiconductor chip 1 
opposite to the optical platform 3 and another side of the 
optical semiconductor chip 1 opposite to the one side, 
the above effect can be obtained. * 1 

r * Figs. 2A and 2B are schematic diagrams illustrating 
another embodiment of an optical module according to 
the "present invention in which optical semiconductor- 
chips and an optical waveguide are coupled, and Figs. 
2A and 2B are a plan view and a sectional view taken 
along line A-B, respectively. In - Fig. 2, ah optical 
waveguide Z\ optical displacement avoiding grooves 4 
and optical guide grooves 5 are formed in the surface of 
an optical platform 3 made of a silicon substrates, and a 
light emitting chip 1 1 and a photodetectof 12 are fixedly 
mounted or joined in the respective optical displace- 
ment avoiding grooves 4 by means of solder bumps 8. 
The r photodetector 12 is provided to monitor laser light 
emitted from the light emitting chip 1 1 and the reliability 
of the light emitting chip 11 can be compensated by 
monitoring the laser light by the photbdetector 1 2. 

■In Figs. 2A and 2B. the - photodetector 12 is 
mounted on the optical platform 3 obliquely to the light 
emitting chip 1 1 . so that light reflected by an end surface 
of the photodetecfor 12 can be prevented from being * 
returned to the light emitting chip 11. 

An example of a fabricating method of the optical 
module shown in Figs. 1 and 2 is now described. A step 
is first formed in the optical platform 3 by means of etch- 
ing and the. optical waveguide 2 is formed by means of 
the flame hydrolysis deposition (FHD) and dry etching. 
Then, etching is performed to form the optical displace- 
ment avoiding groove 4 and the optical groove 5. As 
shown in Figs. 6 and 7, an electrode 13 is formed and 
patterned from the inside to the outside of the Optical 
displacement avoiding groove 4 by the evaporation 
method and oxide film formed on the electrode 13 is 
windowed by means of the CVD method to form the 
electrode patterns 6 and 7. Then, the optical semicon- 
ductor chip 1 or the light emitting chip 1 1 and the photo- 
detector 12 having electrodes 6 formed on the rear side 
thereof and solder bumps 8 formed thereon are dis- 
posed in the optical displacem nt avoiding groov 4 and 
the solder bumps 8 are melted in a ref low furnace, so 
that the optical waveguide 2 and the optical semicon- 
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ductor chip 1 or the light emitting chip 1 1 and the photo- 
detector 12 are joined in the position in which they are 
coupled optically. As described above, the optical mod- 
ule of the present invention is completed.. , . ; 

In the above fabricating method, when the optical 5 
displacement avoiding groove 4 is formed, silicon is 
subjected to anisotrophy etching while a KOH aqueous 
solution is used as an etchant, so that side walls are 
inclined to be (111) surface as shown in Fig, 6. Accord- 
ingly, an area of an opening can be made larger than an io 
area of the bottom. Further, since the sides of the .opti- 
cal displacement avoiding groove 4 for fixedly mounting 
or joining the optical semiconductor chip 1 and the light 
emitting chip 1 1 can be inclined to reduce reflected light, 
deterioration of the characteristic of - the. optical- ele- is 
ments such as the optica! semiconductor chip 1.: the, 
light emitting chip 11 and the photodetector 12 due to 
reflected light can be prevented. It is not necessary to, 
incline the sides of the optical displacement ayoiding> 
groove 4 for fixedly mounting or joining the phqtocjetec^ 20 
tor 12,, since light emitted from the light emitting chip 1 1 
and incident on the photodetector 12 does not reach the* 
end surface of the photodetector, 12 and, accordingly 
reflected light which influences the characteristics otthe 
light emitting chip 11 does not occur, . ]\: 25 

\j Furthermore, when the optical displacemepfcavoidr,. 
ing groove 4 is formed by dry etching, resist used as an 
tching- mask is previously dragged jor flagged; by hard 
baking so that side walls of the groove formed by etch-, 
ing are also dragged and accordingly the area of the 30 
opening can be easily made? larger than that of tfte bot-. 

• In addition, as shown in Fig. 7, ; when the sides^of r 
the optical displacement avoiding groove 4 are formed 
vertically, an antiref lection film or layer 1 5 is formed^ver- , 35 
tically to the optical path on the sides thereof to thereby ~, 
be able to reduce reflection of laser Jight at the sides 
thereof, Accordingly^deterioration of.the characteristics* 
of the optical elements such as the, optical semieonduc- 
tor chip 1. and.the light emittingjchip IJl.due to reflected;.:. 40 
light can be prevented. - : - r 

Figs. 3 A and 3B are schematic diagrams illustrating 
an embodiment of an optical module according; to, trie . 
present invention in which an optical semiconductor,:, 
chip and an optical fiber 9 arecoupled, and Figs. 3A and - 45 
3B are a plan view and a sectional view taken.alongJine : T 
A-B, respectively. A V-groove lO.for fixedly mounting or" 
joining the optical fiber. 9. an optical displacement avoid- - 
ing groove 4 and an optical guide groove 5 are formed 
in the surface of an optical platform 3 made of a silicon so 
substrate and an optical semiconductor chip 1 is fixedly . 
mounted in the optical displacement avoiding groove 4 • 
by means of solder bumps 8. With such a structure, 
since the displacement . of the optical semiconductor 
chip 1 on the optical platform 3 can be limited, there : 55 
does not occur phenomenon that the optical semicon- 
ductor chip 1 is deviated before the solder bumps 8 . > 
harden so that the electrode patterns 6 and-7 to be cou- 
pled upon melting of the solder bump 8 are not coupled 



or the optical semiconductor chip 1 is deviated from a 
position in which the optical semiconductor chip 1 is 
optically coupled with the optical fiber 9 and is joined to 
the deviated position or the optical semiconductor chip 
1 is not quite joined, and accordingly the electrode pat- 
terns 6 and 7 can be coupled exactly. 

Figs. 4A and 4B are schematic diagrams illustrating 
another embodiment of an optical module according to 
the present invention in which optical semiconductor 
chips, and an optical fiber 9 are coupled,, and Figs. 4A 
and 4B are a plan view and a sectional view taken along 
line A-B, respectively A V-groove 10 for fixedly mount- 
ing or joining the optical fiber 9, an optical displacement 
avoiding groove 4 and an optical guide groove 5 are 
formed in the surface of the optical platform 3 of a sili- 
con substrate and a light emitting chip 1 1 and a photo- 
detector 12, are fixedly mounted in the optical 
displacement avoiding groove 4 by means of the solder 
bump 8. The photodetector 12 is provided to monitor 
l^ser light emitted from the light emitting chip 1 1 and th 
reliability of the light, emitting chip 11 can be compen- 
sated by monitoring the laser light by the photodetector 

12a ...... 

,v.; ; With such a structure, since the displacement of the 
light; emitting chip 11 and the photodetector 12 on the 
optical platform 3 can be limited, there does not occur 
phenomenon that the light emitting chip 11 and the pho- 
todetector 12 are deviated before the solder bumps 8' 
harden so that the electrode patterns 6 and 7 to be cou- 
pled upon melting of the solder bump 8 are not coupled 
or c the light emitting chip 11 and the photodetector 12/ 
are deviated from a position in which the light emitting 
chip 11 and the photodetector 12 are optically coupled 
with the optical, fiber 9 and joined to the deviated posi- 
tion or the light emitting chip 11 and the photodetector! 
12 are not quite, joined and accordingly the electrode 
patterns :6 and 7 can be coupled exactly. .-':>. 

<; Further, in Fig. 4, the photodetector 12 is joined on 
the optical platform 3 obliquely to the light emitting chip 
1 1-, S0Lthat light reflected at an end surface of the photo- 
detector 12 can be prevented from be returned to the 
light emitting chip 11. .z 

:An example of a fabricating method of the optical 
module of the present invention shown in Figs. 3 and 4 
ismow described. The V-groove having side walls con- 
■. stituted .by (111) surface is first formed in the optical 
platform 3 by anisotrophy etching of silicon. Then, etch- 
ing is performed to form the optical displacement avoid- 
ing groove 4 and the optical guide groove 5. As shown 
in Fig. 6, an electrode 13 is formed and patterned from 
the inside to the outside of the optical displacement 
avoiding groove 4 by the evaporation method and oxid 
film formed on the, electrode 13 is windowed by means 
of the CVD method to form the electrode patterns 6 and 
7. Then, the optical semiconductor chip 1 or the light 
emitting chip 1 1 and the photodetector 12 having elec- 
trodes 6 formed on the rear side thereof and solder 
bumps 8 formed thereon are disposed in the optical dis- 
placement avoiding groove 4 and the solder bumps 8 
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are melted in a reflow furnace to join them. Then, the 
optical fiber 9 is fixedly mounted in the V-groove 9 with 
solder to thereby optically couple the optical semicon- 
ductor chip 1 with the optical ffoer 9 or the light emitting 
chip 1 1 and the photodetector 1 2 with the optical fiber 9. 5 
As described above, the optical module of the present 
invention is completed- 

In the above fabricating method, since the optical 
displacement avoiding groove 4 is formed to incline the 
sides thereof so that reflected light can be reduced, 10 
deterioration of the characteristics of the optical ele- 
ments such as the optical semiconductor chip 1 and the 
LD chip 1 1 due to the reflected light can be prevented. It 
is not necessary to incline the sides of the optical dis- 
placement avoiding groove 4 for fixedly mounting or is 
joining the photodetector 12 since light emitted by the 
light emitting chip 1 1 and incident on the photodetector 
12 does not reach the end surface of the photodetector 
12 and accordingly reflected light which influences the 
characteristics of the light emitting. chip 11 is; not pro- 20 
duced. 

Further, as shown in Fig. 7; when the sides of the 
optical displacement avoiding groove 4 are formed ver- 
tically, an antireflection film or layer 15 is formed verti- 
cally to the optical path at the sides to thereby be able to 25 
reduce reflection of laser light at the sides. Accordingly, 
deterioration of the characteristics of the optical ele- 
ments such as the optical semiconductor chip 1 and the 
light emitting chip 1 1 due to reflected light can be pre- 
vented. 30 

Fig. 8 is a schematic diagram illustrating an optical 
semiconductor device in which the optical module of the 
present invention is mounted. In Fig. 8, the optical plat- 
form 3 in which the optical semiconductor chip 1 is 
mounted is joined to a lower package 1 9 to which a lead 35 
frame 17 is formed. The electrode 13 on the optical plat- 
form 3 is then connected to the lead frame 17 by wire 
bonding. The optical fiber 9 is disposed in the V-groove 
on the mounting platform and fixed therein by adhesive 
agent or the like. Then, the upper package 1 8 is closely 40 
joined to the lower package 19 by means of adhesive 
agent while maintaining the inside of the package to be 
an atmosphere of nitrogen. Thus, the optical semicon- 
ductor device having the optical module of the present 
invention mounted therein is completed. 45 

Figs. 9A to 9D show a process of fabricating a plu- 
rality of optical modules of the present invention simul- 
taneously. In Fig. 9A, optical waveguides 91 and 
recesses 92 are formed on a semiconductor wafer 93. 
Then, as shown in Fig. 9B, optical semiconductor chips so 
94 is disposed in the recesses 92 and the semiconduc- 
tor wafer 93 and the optical semiconductor chips 94 are 
fixedly joined by solder bumps. The semiconductor 
wafer 93 is cut into individual chips along broken lines 
shown in Fig. 9C, so that the optical module of the 55 
present invention can be obtained as shown in Fig. 9D. 

Since the process shown in Fig. 9 can be used to 
form the plurality of optical modules of the present 
invention simultaneously, the mass productivity can be 



improved. Further, since the optical semiconductor 
chips 94 and the optical waveguides 91 can be coupled 
without adjustment, the low-cost optical semiconductor 
device can be realized. 

According to the present invention, the recesses 
* are formed in the positions on the optical platform in 
which the optical semiconductor chips are fixedly joined 
to thereby be able to position the optical semiconductor 
chips without adjustment so that the optical semicon- 
ductor chips can be fixedly joined on the optical platform 
with high accuracy. 

*- "' ' Further, > according 7 to the present invention, the 
- sides of the recesses* for fixedly joining the optical sem- 
iconductor chips are formed obliquely to thereby be able 
to reduce reflected light returned to the optical semicon- 
ductor chips and accordingly deterioration of the char- 
acteristics of the optical semiconductor chips due to the 
-reflected light is prevented. * 
& In addition, according to the present invention, the 
depth of the recesses is made deeper than the height of 
the urimefted solder bumps to thereby be able to limit 
the displacement of the optical semiconductor chips, 
the light emitting chps and the photodetectbrs until the 
solder bumps are melted after the optical semiconduc- 
tor chips, the light emitting chipfeahd the photbdetectors 
are disposed on the optical platform and the optical 
semiconductor chips', the light emitting chips and the 
photodetectors can be fixedly joined to the optical plat- 
form -by the self-alignment effect with high' accuracy 
upon melting of the solder bumps. 

Claims 

1. -' An optical module conprisirig an optical element 

mounting substrate (3) in which an optical 
waveguide (2) is formed, an optical semiconductor 

t element (1) fixedly mounted in said optical element 
mounting substrate, and an recess (4) forfixing said 
optical semiconductor element in a position in a 
surface of said optical element mounting substrate w 
-in which "an end surface of an active 'layer of said 
" optical semiconductor element and an end surface 

■ of said optical waveguide are coupled optically, 
alignment of said optical semiconductor element 

V being made by means of the sides of said recess. 

2. An optical module comprising an optical element 
1 mounting substrate (3) in which a groove is formed, 

an optical fiber fixedly mounted in said groove, an 
optical semiconductor element (1) fixedly mounted 
in said optical element mounting substrate (3), and 
an recess (4) for- fixing said optical semiconductor 
element in a position in a surface of said optical ele- 
ment mounting substrate in which an end surface of 
an active layer of said optical semiconductor ele- 
ment and an end surface of said optical fiber are 
^coupled optically, alignment of said optical semi- 
conductor element being made by means of the 
sides of said recess. 
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3. An optical module comprising a plurality, of optical 
. semiconductor elements (11, 12) fixedly mounted 

on an optical element mounting substrate (3), and 
recesses (4) each formed in a positionjn. which end 
surfaces of active layers of said plurality of optical 
semiconductor elements are optically .coupled with 
each other, alignment of said optical semiconductor 
\'. . elements being made by means of the sides of said 
recesses. . '.'W ... 

4. An optical module according to any oneof Claims 1 
. to 3, comprising an electrode pattern (6 I 7) fprrned 

within said recess to fixedly join at least solder 
, bump (9), ! ."' , V; .". 3-.^' 

5.. An optical module according to any one of GlaimsLl 
to 3, wherein when electrode patterns (6,~7);prp- 
. vided in said recess (4) formed in said optical ele- 
ment f mounting, substrate (3) and said,; optical 
semiconductor element (.1 1) are fixed by means qf 
, metal alloy member, a shape of said recess and 3 
shape, of the elertrode pattern in said recess are 
niatched. withiaa. range .in which desired electrode 
. patterns'^n^bejoinedip eacft other,/ . - K: , 

6.. An optical. module according to any one of Qaims 1 
to 3. wherein the sides pt said recess (4) is inclined 
so that an, area of an opening of said recess is 
made iarger than an area of a bottom of said 
recess. 

7. An optical module according to any one of Claims 1 
to 3, comprising an electrode formed in the side of k 
said recess and connected to an external electrode. 

8. , An optical, module according to any oneof Claims 1 

to 3 I: corrprising .antiref lection film .(15) formed in 
. the side of said recess. ; 
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12. An optical module according to any one of Claims 1 

to 3, wherein said recess (4) surrounds at least four 

corners of the bottom of said optical semiconductor 
;, element (11). 

13. An optical module according to any one of Claims 1 
to 3, wherein said recess (14) surrounds at least 
four sides of the bottom of said optical semiconduc- 

- \ _ tor element (1). ! \ 

An optical module according to any one of Claims 1 
to 3, wherein said recess (4) surrounds at least a 
set of opposite corners of said optical semiconduc- 
tor elemental). ' 

15. An optical module according to any one of Claims 1 
i , to 3. wherein said recess (4) surrounds at least cor- 

! ners at both ends of any one side and another side 
, opposite to said one side. 

16. An optical modtile according to any one of Claims 1 
to 3, wherein said optical semiconductor elem nt 

u *;■:• (1) comprises a photodiode or a laser diode. 
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9. . An optical module according to any one of Claims 1 

to 3, wherein said optical element mounting sub- 
strate (3) is made of semiconductor material and 
the side of said recess formed in a surface of said 
optical el^ment.mounting substrate is constituted of 
{111} surface. 

10. An optical rpodule according to any one of Claims 1 
to 3, wherein a depth of said recess (4) is .10 to 50 

11. An optical module according to any one of Claims 1 
to 3. whereiri a length and a breadth of the bottom 
of said recess (4) are larger than a length and a 
breadth of said optical semiconductor element (1 ), 
respectively, and are narrower than respective val- 
ues. obtained by adding 60 jim to the length and the 
breadth of said optical semiconductor, element, 
respectively. 
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FIG.4A 
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FIG.5B 




FIG.5C 
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(57) In order to position an optical semiconductor 
chip (1) with high accuracy and without adjustment, a 
recess (4) for controlling the displacement of the optical 
semiconductor chip (1) is formed in a position in which 
the optical semiconductor chip on an optical element 
mounting substrate (3) having an optical waveguide (2) 
formed in the surface thereof is fixed. 




CO 

< 



CO 
CM 

o 

Ql 
LU 



Printed by Rank Xerox .(UK) Business Services 
2.14.2/3 4 

INSDOCID: <EP n7?3i7i/^ i ^ 



EP 6 723 171 A3 



European Patent EUROPEAN SEARCH REPORT *f 

office EP 96 18 0788 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate. 


' Relevant 


CLASSIFICATION OF THE 
APPLICATION (bid.*) 


♦ - of relevant passages ~ 


to claim 


X 

Y 
X 

Y 

J 

Y 

t 

Y 


PROCEEDINGS OF THE EUROPEAN CONFERENCE OH 
OPTICAL COMMUNICATION (EC, MONTREUX; SEPT. 
12 - 16, 1993 INVITED PAPERS, 
vol. 1, 12 September 1993, SWISS 
ELECTROTECHNICAL ASSOCIATION, 
pages 84-91, XPQ00492156 
HUNZIKER W ET AL: ".SELF-ALIGNED OPTICAL 
FLIP-CHIP OEIC PACKAGING TECHNOLOGIES" 

* page 86, last paragraph; figures 1,2 * 

* page 89, paragraph 2 * 

WO 93 15424 A (BRITISH TELECOMM) 5 August 
1993 

* page 7, line 4 - page 11, line 10; 
figures 1-3 * 

US 5 283 446 A (TANISAWA YASUHISA) 1 
February 1994 

♦column 1, line 13 - line 24 * 

* column 1, line 62 - line 66 * 

* column 3, line 1 - 'line 31 * 

* column 4, line 38 - 1 line 46 * 

* column 5, line 64 - column 6, line 10; 
figures 4-6 * 

PATENT ABSTRACTS OF JAPAN 

vol. 017, no. 310 (E-1380), 14 June 1993 

& JP 05 029387 A (NEC CORP), 5 February 

1993, 

* abstract; figure B * 

EP 0 465 230 A (AMERICAN TELEPHONE & 
TELEGRAPH) 8 January 1992 

* abstract; claims 1-3; figures 1-4 * 


1 ,-2.4-6, 
9,12,14 

3 

1,2,4-6, 
16 

1-5, 
12-15 

1-5, 
12-15 

3 


G02B6/42 

t 

i 


TECHNICAL FIELDS 
SEARCHED (InlCLt) 


G92B 

i 


The present scare* report has been drawn up for all claims 


Place mf tearck Date mf smm^UHem mf CW ExMiatr 

BERLIN 7; February 1997 . Hylla, W 


CATEGORY OF CITED DOCUMENTS . . ' ' .* T : theory or principle underlying the invention 

E : earlier patent document, but published on, or 
X : particularly relevant if taken alone after the filing date 

V : particularly relevant H combined with another D : document cited in the application , 

document of the same category L.: document riled for other reasons * 

A : technological background ~ — - — ~~ - — 

O : oon-wrrtten disclosure . „m A : member of the same patent family, corresponding 
P : intermediate document document 



2 



EP0 723171 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 96 1G 0788 



Category 



DOCUMENTS CONSIDERED TQ BE RELEVANT 



Citation of d 



appropriate, 



INDUSTRIES) .13 January 1993^" 

* abstract;; figured * >>''^ i: " 'C 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (toLCLa) 




T . theory or prmaple urteriyug the mention 
' ™ l «P* t «» <oanaent, but published K .&, »r 
1 after the filing fete 

D : cocuaeat cite* <» the application 

L : flocuneot cited for other reason* 



•SDOCID- <EP 0723171A1 I 



t 

i' 3 



». i. . 



DOCKET NO: Jiei^xT^va 
SERIAL •■NO: ; J^F^~~- 

LERNER AND GREEJ^ERG PA~ 
, PO. BOX 2480 
HOLLYWOOD, FLORIDA 33022 
TEL (954) 925-1100 



